Translocation of macromolecules into whole rat lenses in culture.
Little is known about the endocytosis and transcytosis of macromolecules into lens epithelium and fiber cells. The objective of this study was to determine if proteins (alpha-crystallins, beta-crystallins, and gamma-crystallins), carbohydrate (dextran), and plasmid DNA translocate from culture medium into these parts of the lens, with and without prior encapsulation into liposomes. alpha-Crystallins, beta-crystallins, gamma-crystallins, and dextran were coupled with the fluorochrome Texas red, and plasmid DNA was labeled with propidium iodide. Adult rat lenses were incubated in medium containing one of these components with and without prior encapsulation of the macromolecule in commercially available liposomes (BioPORTER for alpha-crystallins, beta-crystallins, gamma-crystallins, and dextran; GenePORTER for plasmid DNA). Translocation of fluorescent macromolecule from the medium into the lens capsule, epithelium and fiber cells was monitored by confocal microscopy. alpha-Crystallins, beta-crystallins, gamma-crystallins, and dextran were present in the capsule, epithelium, and fiber cells after 5 h of incubation. Translocation of fluorescent protein macromolecules into the epithelium was greatly facilitated by encapsulation in BioPORTER liposomes. These macromolecules were localized within the cytoplasm of epithelium and fiber cells. Plasmid DNA was localized to the epithelium, but not the fiber cells. Prior encapsulation of plasmid DNA into GenePORTER liposomes did not increase the intensity of fluorescence localized in epithelium. Without encapsulation, plasmid DNA preferentially localized to the nuclei of epithelial cells, while after encapsulation, plasmid DNA preferentially localized to the cytoplasm. After incubation with cultured lenses, large macromolecules comprised of proteins and carbohydrates were localized within the cytoplasm of epithelial cells and fiber cells. Prior encapsulation of protein macromolecules into BioPORTER liposomes facilitated the translocation of macromolecules into the cytoplasm of epithelium. Incubation of lenses with plasmid DNA resulted in localization to the epithelium, but not fiber cells. Localization of plasmid DNA was not facilitated by prior encapsulation in GenePORTER. Encapsulated DNA preferentially localized to the cytoplasm of epithelial cells, while without encapsulation, plasmid DNA localizes to the nuclei of epithelial cells. Together, these studies demonstrate that macromolecules of potential biological importance can readily pass through the lens capsule into epithelial cells and in some cases transcytose through the epithelium into fiber cells of the cortex. Furthermore, these studies suggest that prior encapsulation of protein macromolecules may be a possible therapeutic delivery system of physiologically important macromolecules into the epithelium and/or fiber cells of the intact lens.